Key indicators: single-crystal X-ray study; T = 100 K; mean (C-C) = 0.002 Å; R factor = 0.047; wR factor = 0.147; data-to-parameter ratio = 13.3. organic compounds o422 Fun et al.
In the title compound, C 19 H 20 O 5 , the pyran ring is in an envelope conformation, whereas the benzene and dihydropyran ring system is planar with an r.m.s. deviation of 0.0190 (1) Å . The hydroxy group is coplanar with the attached benzene ring [r.m.s. deviation = 0.0106 (1) Å ]. An intramolecular O-HÁ Á ÁO hydrogen bond generates an S(6) ring motif. In the crystal, molecules are linked into chains along the b axis by weak C-HÁ Á ÁO interactions. These chains are stacked along the a axis. C-HÁ Á Á and weakinteractions [centroid-centroid distance = 3.7698 (7) Å ] are also observed.
Related literature
For bond-length data, see: Allen et al. (1987) . For hydrogenbond motifs, see: Bernstein et al. (1995) and for ring conformations, see: Cremer & Pople (1975) . For background to Rutaceae plants, coumarins and their biological activity, see: Kongkathip et al. (2005) Table 1 Hydrogen-bond geometry (Å , ).
Cg1 is the centroid of the C1-C5/O1ring. Symmetry codes: (i) x; y À 1; z; (ii) Àx; Ày þ 2; Àz þ 2; (iii) Àx þ 1; Ày þ 2; Àz þ 2.
Data collection: APEX2 (Bruker, 2009 ); cell refinement: SAINT (Bruker, 2009 ); data reduction: SAINT; program(s) used to solve structure: SHELXTL (Sheldrick, 2008) ; program(s) used to refine structure: SHELXTL; molecular graphics: SHELXTL; software used to prepare material for publication: SHELXTL and PLATON (Spek, 2009 (Laphookhieo et al., 2009; Maneerat et al., 2010; Tangyuenyongwatthana et al., 1992) and some of these compounds show interesting pharmacological activities (Yenjai et al., 2000) . During our on-going research on bioactive natural products from Thai medicinal plants, the title pyranocoumarin which known as clausenidin (Huang et al., 1997) was isolated from the roots of C. excavata which were collected from Suratthani province in the southern part of Thailand. Previous reports have found that clausenidin displayed anti-HIV-1 activity in a syncytial assay (Kongkathip et al., 2005) and cytotoxicity against four human cancer cell lines (A549, MCF7, KB and KB-VIN) (Su et al., 2009) . We report herein the crystal structure of the title pyranocoumarin (I). Fig. 1 shows that in the structure of (I), the pyran ring (C7-C11/O2) adopts an envelope conformation with the puckering atom C10 having deviation of 0.3279 (15) Å, and puckering parameters Q = 0.4648 (14) Å, θ = 123.32 (17)° and φ = 204.32° (Cremer & Pople, 1975) . The benzene and dihydro-pyran ring system (C1-C7/C11-C12/O1) is planar with the r.m.s. 0.0190 (1) Å. The hydroxy group are planarly attached to the benzene ring. The orientation of the 2-methyl-but-3-enyl [C13-C17] side chain with respect to the benzene ring is indicated by the torsion angle of C12-C13-C14-C15 = 138.93 (16)°, indicating a (+)-anticlinal conformation (Fig. 1 ). Intramolecular O5-H1O5···O4 hydrogen bond (Table 1) generates an S(6) ring motif ( Fig. 1 and Table 1 ) (Bernstein et al., 1995) . The bond distances in (I) are within normal ranges (Allen et al., 1987) .
The crystal packing of (I) is stabilized by intermolecular C-H···O and C-H···π weak interactions (Table 1 ). The molecules are linked into chains along the b axis and these chains are stacked along the a axis ( Fig. 2 and Table 1 ). π-π interactions with the Cg 1 ···Cg 2 distance = 3.7698 (7) Å (symmetry code: -x, 2-y, 2-z) are observed; Cg 1 and Cg 2 are the centroids of C1-C5/O1 and C1/C5-C7/C11-C12 rings, respectively.
Experimental
The roots of C. excavata (3.98 Kg) were successively extracted with CH 2 Cl 2 over the period of 3 days at room temperature to provide the crude CH 2 Cl 2 extract which was subjected to quick column chromatography (QCC) over silica gel eluted with a gradient of hexane-EtOAc (100% hexane to 100% EtOAc) to provide twenty-one fractions (A-U). Fraction G (10.68 g) was further separated by QCC with a gradient of 10% EtOAc-hexane to 100% EtOAc to give seven subfractions (G1-G7).
Subfraction G4 (1.82 g) was subjected to repeated column chromatography using 6% EtOAc-hexane to yield the yellow solid of the title compound (30.0 mg). Yellow block-shaped single crystals of the title compound suitable for x-ray structure determination were recrystallized from CH 2 Cl 2 /CH 3 OH (4:1 v/v) by the slow evaporation of the solvent at room temperature after several days, Mp. 410-411 K (decomposition). supplementary materials sup-2 Refinement Hydrogen atoms attached to C15 and hydroxyl H atom were located from the difference map and refined isotropically. The remaining H atoms were placed in calculated positions with (C-H) = 0.93 for aromatic and CH, 0.97 for CH 2 and 0.96 Å for CH 3 atoms. The U iso values were constrained to be 1.5U eq of the carrier atom for methyl H atoms and 1.2U eq for the remaining H atoms. A rotating group model was used for the methyl groups. The highest residual electron density peak is located at 1.51 Å from H16C and the deepest hole is located at 1.43 Å from C11. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 0.0205 (7) 0.0156 (7) 0.0201 (7) 0.0024 (5) −0.0015 (5) −0.0020 (5) C3 0.0209 (7) 0.0203 (7) 0.0191 (7) 0.0042 (5) 0.0011 (5) −0.0048 (5) C4 0.0165 (6) 0.0225 (7) 0.0168 (6) 0.0024 (5) 0.0018 (5) −0.0015 (5) C5 0.0156 (6) 0.0183 (7) 0.0153 (6) 0.0013 (5) 0.0010 (5) 0.0002 (5) C6 0.0139 (6) 0.0210 (7) 0.0147 (6) 0.0006 (5) 0.0012 (5) 0.0019 (5) C7 0.0154 (6) 0.0164 (7) 0.0166 (6) 0.0001 (5) 0.0002 (5) 0.0019 (5) supplementary materials sup-5 C8 0.0150 (6) 0.0183 (7) 0.0204 (7) 0.0003 (5) −0.0015 (5) 0.0033 (5) C9 0.0200 (7) 0.0138 (6) 0.0242 (7) −0.0017 (5) 0.0011 (5) 0.0014 (5) C10 0.0227 (7) 0.0120 (6) 0.0206 (7) 0.0008 (5) 0.0028 (5) 0.0009 (5) C11 0.0152 (6) 0.0161 (7) 0.0148 (6) 0.0014 (5) −0.0004 (5) −0.0009 (5) C12 0.0159 (6) 0.0157 (7) 0.0147 (6) 0.0003 (5) 0.0013 (5) 0.0007 (5) C13 0.0203 (7) 0.0170 (7) 0.0160 (6) 0.0000 (5) 0.0052 (5) −0.0003 (5) C14 0.0180 (7) 0.0267 (7) 0.0187 (7) −0.0006 (5) 0.0011 (5) 0.0007 (5) C15 0.0217 (7) 0.0305 (8) 0.0250 (8) 0.0060 (6) 0.0003 (6) −0.0025 (6) C16 0.0217 (7) 0.0233 (7) 0.0165 (7) 0.0032 (5) 0.0030 (5) 0.0028 (5) C17 0.0376 (9) 0.0201 (7) 0.0257 (7) −0.0052 (6) 0.0160 (6) −0.0010 (6) C18 0.0338 (8) 0.0174 (7) 0.0248 (7) 0.0017 (6) 0.0048 (6) −0.0037 (5) C19 0.0204 (7) 0.0199 (7) 0.0237 (7) 0.0020 (5) 0.0028 (5) 0.0017 (5) Geometric parameters (Å, °) 
Hydrogen-bond geometry (Å, °)
Cg1 is the centroid of the C1-C5/O1ring. (2) 3.5908 (16) 
